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Changes of anatomical structure during the development processes of reproductive organs of
Nymphaea tetragona SUN Chunging'®, TAO Meigi', YAO Yuemei', DAI Zhongliangl‘®
(1. Zhenjiang Institute of Agricultural Science in Jiangsu Hilly Areas, Jurong 212400, China; 2. College
of Horticulture, Nanjing Agricultural University, Nanjing 210095, China) , J. Plant Resour. & Environ. ,
2022, 31(1) . 21-28

Abstract; In order to understand the development processes of reproductive organs of Nymphaea
tetragona Georgi, the changes of anatomical structure of microspore and male gametophyte transverse
sections and megaspore, female gametophyte and ovary longitudinal sections were observed by using the
technology of paraffin section, and the pollen characteristics, pollen germination rate, and self-seeds
setting rate were studied by using technologies such as in witro culture and artificial pollination. The
results show that the male gametophyte of N. tetragona develops into mature anther through a series of
processes, namely pollen mother cell stage, meiosis stage, tetrad stage, microspore free stage,
mononuclear sideline stage, mononuclear pollen stage, and binuclear pollen stage; the anther contains
four pollen sacs, and the anther wall is composed of one layer of epidermal cells, one layer of anther
chamber wall cells, two layers of middle layer cells, and one layer of secretory tapetum cells from outside
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to inside; the shape of mature pollen grain is spherical to ellipsoid, and the pollen groove is a ring
germination groove; the germination rate of pollen in witro is 45.2%. The female gametophyte of N.
tetragona develops into a complete embryo sac through a series of processes, namely megaspore mother
cell stage, dyad stage, tetrad stage, mononuclear embryo sac stage, binuclear embryo sac stage, and
tetranuclear embryo sac stage; and the megaspore near the chalazal region of megaspore tetrad is
functional megaspore ; the mature embryo sac is a four-cell/four-nuclear embryo sac, which is composed
of one mononuclear central cell, one egg cell, and two synergids; the ovule is double integuments, thick
nucellus and marginal placentation. The embryonic development of N. tetragona goes through three
stages, namely globular embryo, ellipsoidal embryo, and rhombic embryo, and its endosperm is cellular
endosperm. In addition, some developmental abnormalities can occur in the development processes of
reproductive organs of N. tetragona, in which, there are phenomena such as early disintegration of
tapetum cells and irregular shape of tetrad during the development of male gametophyte, resulting in
abnormal pollen development; and there are megaspore stagnation and abnormal nuclear disintegration in
embryo sac during the development of female gametophyte; in the ovary after aritificial pollination, there
are abnormal phenomena such as embryo stop development, structural disorder,
disintegration, resulting in embryo abortion. It is suggested that the functional megaspores of N. tetragona
located at the chalazal region and four-cell/four-nuclear mature embryo sacs are important reproductive

and nuclear

characteristics different from most angiosperms; the abortions during megaspore, microspore, male and
female gametophyte, and embryo development may reduce the cross-self-seeds setting rate of N.
tetragona.

Key words: Nymphaea tetragona Georgi; reproductive organ; anatomical structure ; female gametophyte ;
male gametophyte ; embryo development
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Plate I 1-9. Changes of transverse anatomical structure during microspore and male gametophyte development processes of Nymphaea tetragona Georgi:
1. Transverse secton; 2. Pollen mother cell stage; 3. Meiosis stage; 4. Tetrad stage; 5. Microspore released from tetrad; 6. Pollen in the mononuclear sideline
stage; 7. Mononuclear pollen stage; 8. Binuclear pollen stage; 9. Pollen in the binuclear pollen stage. 10, 11. Pollen morphology of N. tetragona under
scanning electron microscope: 10. Pollen morphology; 11. Morphology of pollen germination ditch. 12—15. Anatomical structure of the male gametophyte with
abnormal development: 12. Abnormal anther in the early meiotic stage, when tapetum cells begin to degrade; 13. Irregular tetrad in anther; 14. Pollen with

abnormal morphology in anthers about to mature; 15. Pollen with abnormal morphology.
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FRE 12 d WIRAG; 13, ARG 20 d W9IRAG. 14,15, B & 5% WG DI MTIZ5H . 14, A TRBG 5 d 8508 5% 1IRAG; 15 ATEBE
15 d 4544 5 BRAG.

Plate I 1-7. Changes of longitudinal anatomical structure during megaspore and female gametophyte development processes of N. tetragona: 1. Ovule
longitudinal section; 2. Megaspore mother cell stage; 3. Dyad stage; 4. Tetrad stage, and the megaspore near the chalazal region is functional megaspore;
5. Mononuclear embryo sac stage; 6. Binuclear embryo sac stage; 7. The mature embryo sac. 8,9. Anatomical structure of the female gametophyte with
abnormal development: 8. Structurally abnormal ovule; 9. Longitudinal section of a structurally abnormal female gametophyte. 10—13. Longitudinal anatomical
structure during embryo and endosperm development of N. tetragona: 10. Embryo at 12 h after artificial pollination; 11. Globular embryo at 8 d after artificial
pollination; 12. Embryo at 12 d after artificial pollination; 13. Embryo at 20 d after artificial pollination. 14,15 Longitudinal anatomical structure of embryo
with abnormal development: 14. Embryo with abnormal structure at 5 d after artificial pollination; 15. Embryo with abnormal structure at 15 d after artificial

pollination.

CT: 45462040 Connective tissue; VB ZEF5 5 Vascular bundle; PS: fE43% Pollen sac; Ta: ZHi)Z Tapetum; PMC: fEH 0 Pollen mother cell;
Ep: % Epidermis; EE: 2452 N5 Endotheca endothecium; MI: H1)Z Middle layer; CN: ZHJfi#% Cell nucleus; GN: 4:F##% Generative nucleus; VN &
Fi#% Vegetative nucleus; OI: #hERY Outer integument; Nu: EK.L> Nucellus; I1; PIER#E Inner integument; MMC ; K7 71141 il Megaspore mother cell ;
FM: BIRERFTF Functional megaspore; CC: "FHANML Central cell; Sy: BIANME Synergid; EC: UPAIIE Egg cell; TS: &REEH Tubular structure; En:
JAFL Endosperm; Em: JRAf Embryo; AE: 5% RHG Abnormal embryo.



514 INETT, A MR GE KT R T i A5 i 22 Al 27

IEF, F: BEELMEERAT AR P HILEMO T B 1

SUN Chunqlng, et al.; Changes of anatomical structure during the development

processes of reproductive organs of Nymphaea tetragona Plate 1

KR

B4 B WL XK See the plate explanation at the end of the text



28 L7/ I A RS R N A ¢ 531 4

WIEF, F: BEEAMBERX AR FRAEHNLA e

SUN Chunging, et al.; Changes of anatomical structure during the development

processes of reproductive organs of Nymphaea tetragona Plate I

AR

1, 5

Bt A L 50K See the plate explanation at the end of the text



